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Introduction
Persistent carotid-basilar connections have a prevalence of 0.14% 1 . Four such persistent fetal anastomoses between the carotid and the vertebrobasilar circulation have been recognized, i.e. the primitive trigeminal, otic, hypoglossal, and proatlantal intersegmental arteries. A persistent primitive hypoglossal artery (PPHA) is extremely rare, second in frequency to the persistent primitive trigeminal artery, with an incidence of 0.02% -0.26% . Recognition of a primitive hypoglossal artery is, nonetheless, of great importance clinically since they are reportedly associated with an increased prevalence of intracranial aneurysms 41 . Furthermore, since they can form the sole arterial supply to the posterior circulation, injury during surgery or endovascular treatment may cause posterior circulation ischemia and serious morbidity and mortality 42 .
Material and methods
We report the case of a 15-year old female who presented to the Erasmus MC Stroke Center with a subarachnoid hemorrhage from an aneurysm at the right PPHA-PICA junction.
The local prevalence was calculated by searching all cases within the Erasmus MC Radiology Department PACS suite on previous cases of PPHA from 2006 to 2016. We discoveredthree more cases that were described briefly.
A systematic literature review was performed using the key words "persistent primitive hypoglossal artery", "hypoglossal artery aneurysm", "hypoglossal artery case report" and various combinations on Ovid MEDLINE, EMBASE, and Google Scholar. Grey literature was assessed on Web of Science and Google Scholar. Two investigators (IV, VV) independently conducted the search and a third investigator solved any existing conflicts (RD). We included all case studies or case series of hypoglossal arteries reported in the literature, with or without associated aneurysms.
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Case report
A previously healthy 15-year-old female was admitted to the emergency room of the Erasmus MC University Medical Center, Sophia Children's Hospital with sudden loss of consciousness. She was swimming with her sister and upon emerging from the water she reported feeling ill, grabbed her head and collapsed. Basic life support was immediately started, with bystanders resorting to an automatic external defibrillator. Upon arrival of the medical mobile team, she was unconscious, with a Glasgow Coma Score of 3, with respiratory insufficiency and exhibiting ventricular fibrillation. She was intubated and after cardioversion she returned to sinus rhythm.
Upon arrival at the emergency room she was intubated and mechanically ventilated with a Glasgow Coma Score of 3, and had bilaterally reactive pupils. CT and CT angiography of the head revealed a massive subarachnoid hemorrhage (modified Fisher grade 4), with blood on the tentorium and in both Sylvian fissures, plus triventricular hydrocephalus [Fig 1] . CT angiography showed an aplastic right vertebral artery and a primitive persistent hypoglossal artery (PPHA) on the right side, with a small aneurysm, most probably at the take-off of the posterior inferior cerebellar artery (PICA) [Fig 2] . Unfortunately, the supratentorial cortical vessels exhibited poor filling. The patient was therefore rushed into surgery and bilateral external ventricular drains were placed. The intracranial pressure was over 50 cm H 2 O.
Immediately after the procedure she was taken to the angiography suite for endovascular treatment of the aneurysm.
Four-vessel angiography revealed an absent vertebral artery on the right side and an atrophic vertebral artery on the left side. The right hypoglossal artery exhibited a small aneurysm at the PICA origin
[ Fig 3] . The basilar artery and cerebellar parenchyma had sufficient flow through the persistent hypoglossal artery [Fig 4] , but supratentorially there was no parenchymal blush or cortical venous return. Despite the ventricular drainage, she developed a fixed, maximally dilated left pupil. A multidisciplinary decision was then made to withdraw care, as the prognosis was deemed unsalvageable due to the widespread supratentorial hypoperfusion had been ongoing for about 3 hours. Eight hours after the initial bleed she was M A N U S C R I P T
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Additional cases and literature review
Additional cases
In the Erasmus MC University Medical Center department of Radiology database we were able to extract three more cases of PPHA since 1980. These were all incidental findings. The first patient was a 78-year-old woman who underwent an MRI because of recurrent abducens nerve palsy. There was no explanation to be found, but a persistent hypoglossal artery without aneurysms on the right side was noted.
The second patient, a 41-year-old woman, was evaluated for carotid artery occlusion, hypertension and renal 
Literature review
The search criteria revealed 57 articles describing cases of PPHA [ ranged between 14-days-old to 78-years-old with a mean age of 51.8 years. In two cases, the sex of the patient was not specified and in one case the age was not specified. In 52 patients (89.7%), the origin of the PPHA was at the internal carotid artery (ICA). The external carotid artery (ECA) was noted as the origin in
5 cases and the common carotid artery (CCA) in one case. The end point of the PPHA was the vertebral artery (VA) in 5 cases, PICA in one case and the basilar artery (BA) in the rest.
Out of the 57 cases, 16 patients (27.6%) were found to have aneurysms; 7 (12.1%) were associated with an aneurysm on the PPHA and 9 with aneurysms elsewhere. The associated aneurysms were present at the following locations: 4 on the PICA -one on the left and three on the right, all ipsilateral to the PPHA; 1 on the left anterior inferior cerebellar artery (AICA); 1 on the anterior communicating artery (ACA); and 2 on the BA. One patient exhibited multiple intracranial aneurysms (left ICA aneurysm, a right middle cerebral artery (MCA) aneurysm and a basilar tip aneurysm). Six patients presented with subarachnoid hemorrhage, the rest were incidental findings.
Stenosis was fairly common in patients with PPHA. Fifteen (25.8%) cases presented with severe stenosis of the internal carotid arteries. There was also stenosis identified on the CCA, one severe and one moderate. The PPHA presented itself with moderate stenosis in 2 cases. There were also two cases of stenosis on the MCA and two cases of stenosis on the basilar artery.
Hypoplasia was a common finding: in 78% of the reported cases, the VAs were hypoplastic or aplastic and in 79% of cases. The posterior cerebral arteries (PCA) appeared hypoplastic or aplastic 2 .
Vertebral artery hypoplasia was present in 36 cases (62%), and aplastic VAs were seen in 13 (22.4%) cases; the posterior cerebral artery was hypoplastic in 5 cases, and 11 were completely absent. One case presented with a hypoplastic posterior communicating artery and one with an absent internal carotid artery. In certain cases, it may also originate from the external carotid (ECA) 59 or the common carotid artery (CCA) 73 . The four arteries regress and disappear synchronously with the development of the posterior communicating and basilar arteries at the sixth week of fetal development.
First, the otic artery regresses, followed by the hypoglossal artery, the trigeminal artery, and finally the proatlantal arteries.
Four criteria for identifying a PPHA have been described 38,85 : 1) It arises from the cervical part of the internal carotid artery at C1-C2 vertebral level; 2) It enters the posterior fossa along with the accessory nerve through the hypoglossal canal; 3) The basilar trunk appears filled only beyond its anastomosis with the PPHA; and 4) vertebral arteries and posterior communicating arteries may be hypoplastic or absent.
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The occurrence of a persistent primitive hypoglossal artery is rare with an incidence of 0.02% -0.26% 27 and is encountered even less in the pediatric population. Generally, it is an incidental finding. In our literature review, out of 57 we could only find four pediatric cases with reported PPHA (6.9%). None of these was reported with an associated aneurysm. In total, 16 cases (27.6%) with an association between PPHA and an aneurysm was found. Six of them had presented with SAH but no mortality or morbidity was described. We present the first unfortunate case of a 15-year old young woman with an SAH from an aneurysm at the origin of the PICA on a PPHA. This would correspond to a mortality of 14.3% (1/7). There seems to be a poignant positive reporting bias in the literature regarding aneurysms associated with the PPHA, as most of the studies present cases with successful identification and treatment of said aneurysms.
A PPHA is commonly associated with hypoplastic or aplastic VA, PCA, and/or AICA, thus making it an important supplier to the posterior cerebral territories. Accidental findings of hypoplasia or aplasia of these vessels should also lead us to consider the involvement of a carotid basilar anastomosis in general. In skull base surgery, the failure to identify this vessel and sacrificing it intentionally or by mistake will most certainly induce ischemia in the posterior territories. Furthermore, identification of a primitive persistent posterior circulation artery is important for planning of neuroradiologic intervention to prevent possible risks.
Conclusion
We 
